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C o n s i s t e n t  w i t h  a program g o a l  t o  maximize t h e  
s c i e n t i f i c  r e t u r n  o f  t h e  mis s ions ,  t h e  pr imary purpose of t h e  
LRV i s  t o  enhance t h i s  r e t u r n  r a t h e r  t h a n  t o  o b t a i n  d a t a  upon 
t h e  c h a r a c t e r i s t i c s  o f  wheeled v e h i c l e s  on t h e  l u n a r  s u r f a c e .  
Proposed LRV tes ts  which can l e g i t i m a t e l y  be cons ide red  t o  
c o n t r i b u t e  t o  an i n c r e a s e  i n  s c i e n t i f i c  r e t u r n  must t h e r e f o r e  be  
d i s t i n g u i s h e d  from t h o s e  which may be of  eng inee r ing  i n t e r e s t  :,,, 

d m  b u t  do n o t  i n c r e a s e  t h e  s c i e n t i f i c  v a l u e  of t h e  mis s ion .  
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The fo l lowing  are proposed as a p o s s i b l e  se t  of  c r i -  
judging proposed LRV tests:  

Does t h e  proposed tes t  p rov ide  d a t a  which can  be 
judged i n  advance t o  have a l a r g e  p o t e n t i a l  f o r  i m -  
p a c t  upon mis s ion  p lanning?  9 

Does t h e  t e s t  propose t o  examine c h a r a c t e r i s t i c s  or 
c o n d i t i o n s  which are t y p i c a l  of  t h e  t y p e s  o f  mis s ions  
which are planned? 

4 

Does t h e  proposed t es t  i n v e s t i g a t e  systems which are 
c r i t i c a l  t o  t h e  miss ion?  

Is t h e  parameter  t o  be i n v e s t i g a t e d  w i t h i n  bounds which 
are c r i t i c a l  t o  t h e  c u r r e n t  or planned mis s ions?  

Can t h e  in fo rma t ion  d e s i r e d  be o b t a i n e d  through 
a n a l y s i s  of  d a t a  obta ined  from t h e  traverse i t s e l f ?  

Can t h e  informat ion  d e s i r e d  be o b t a i n e d  by a p p r o p r i a t e  
e a r t h  based tes ts ,  i n c l u d i n g  t h e  u s e  of  s i m u l a t i o n  
f a c i l i t i e s ?  

Is t h e  proposed t e s t  o f  g e n e r a l  s i g n i f i c a n c e  t o  
l u n a r  s u r f a c e  m o b i l i t y  beyond t h e  c u r r e n t  s t a t e  of  t h e  
a r t  and independent  of LRV systems? 

These  c r i t e r i a  a re  des igned  t o  e s t a b l i s h  t h e  o p e r a t i o n a l  u t i l i t y  of  
t h e  proposed t e s t ,  and t o  a t t empt  t o  de t e rmine  whether t h e  i n f o r -  
ma t ion  r e s u l t i n g  from t h e  t e s t  w i l l  be u s e f u l  i n  i n c r e a s i n g  s ig-  
n i f i c a n t l y  t h e  e f f i c i e n c y  and e f f e c t i v e n e s s  of t h e  c u r r e n t  o r  
f u t u r e  traverses. 
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The LRV has  been developed t o  p r o v i d e  a d d i t i o n a l  
m o b i l i t y  t o  a s t r o n a u t s  on t h e  l u n a r  s u r f a c e  and t h u s  t o  o b t a i n  
a wider  and more s i g n i f i c a n t  sampling of  l u n a r  geology than  
would have been a v a i l a b l e  wi thout  a m o b i l i t y  a i d .  The pr imary 
purpose of  t h e  LRV, t h e n ,  i s  t o  enhance t h e  s c i e n t i f i c  r e t u r n  
of l u n a r  m i s s i o n s ,  r a t h e r  than  t o  o b t a i n  d a t a  upon t h e  c h a r a c t e r -  
i s t i c s  of  wheeled v e h i c l e s  on t h e  l u n a r  s u r f a c e .  I t  must be 
r ecogn ized ,  however, t h a t  a c e r t a i n  amount of  d a t a  on LRV per-  
formance w i l l  produce v a l u a b l e  i n f o r m a t i o n  on LRV o p e r a t i o n a l  
c a p a b i l i t y  which can  t h e n  be used t o  modify succeeding traverses 
i n  t h e  c u r r e n t  mi s s ion  and a i d  i n  p l a n n i n g  traverses f o r  f u t u r e  
m i s s i o n s ,  t h e r e b y  i n c r e a s i n g  t h e  s c i e n t i f i c  y i e l d  of  t h e  mis s ions .  
A d i f f i c u l t  d e c i s i o n  i s  r e q u i r e d ,  t h e r e f o r e ,  i n  d i s t i n g u i s h i n g  
between t h o s e  t es t s  which c a n  l e g i t i m a t e l y  be cons ide red  t o  con- 
t r i b u t e  t o  an i n c r e a s e  i n  s c i e n t i f i c  r e t u r n  and t h o s e  which 
may be of eng inee r ing  i n t e r e s t  b u t  do n o t  i n c r e a s e  t h e  s c i e n t i -  
f i c  v a l u e  of t h e  miss ion .  The t h r e e  d i s p a r a t e  v iewpoin ts  of 
LRV t e s t i n g  requi rements  - t h e  s c i e n t i f i c ,  t h e  e n g i n e e r i n g ,  and 
t h e  o p e r a t i o n a l  a s p e c t s  - are p r e s e n t e d  and a set  of  c r i t e r i a  
are developed which may h e l p  t o  de te rmine  how w e l l  proposed tes ts  
match o v e r a l l  program g o a l s .  

The S c i e n t i f i c  Viewpoint 

O n  one extreme it can be argued t h a t  any t i m e  n o t  
d i r e c t l y  r e q u i r e d  f o r  o p e r a t i o n s  d u r i n g  an LRV traverse should  
be s p e n t  upon s c i e n c e .  T h e  r a t i o n a l e  i s  t h a t  t h e r e  are so few 
m i s s i o n s  t o  t h e  moon l e f t  i n  t h e  c u r r e n t  series of  f l i g h t s  and 
so  l i t t l e  o p p o r t u n i t y  t o  o b t a i n  s c i e n t i f i c  data  t h a t  a l l  ava i l -  
a b l e  t i m e  should  be s p e n t  upon s c i e n t i f i c ,  r a t h e r  t h a n  e n g i n e e r i n g ,  
expe r imen t s .  With t h e  c l u e s  t o  t h e  o r i g i n  o f  t h e  s o l a r  system 
p o s s i b l y  a c c e s s i b l e  on t h e  moon, i t  i s  a rgued ,  it seems a poor 
a l l o c a t i o n  of  r e s o u r c e s  t o  spend any t i m e  i n v e s t i g a t i n g  t h e  per-  
formance o f  a v e h i c l e  which w i l l  remain e s s e n t i a l l y  t h e  same f o r  
t h e  remainder  o f  t h e  program. Minor changes t o  improve e f f i -  
c i e n c y  are n o t  warran ted  by t h e  t i m e  t a k e n  from science t o  
i n v e s t i g a t e  t h e  e n g i n e e r i n g  d e t a i l s .  
t o  s u p p o r t  some f u t u r e ,  and as  y e t  unde f ined ,  l u n a r  program would 
s e e m  h i g h l y  s u s p e c t  s i n c e  by t h e n  technology w i l l  probably have 
changed s u f f i c i e n t l y  t o  make t h e  p r e s e n t  approaches t o  l u n a r  
m o b i l i t y  o n l y  i n t e r e s t i n g  anachronisms. 

Engineer ing  i n v e s t i g a t i o n s  
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A c o n s i d e r a b l e  amount of e f f o r t  w i t h i n  t h e  Apol lo  pro- 
gram has  gone i n t o  t h e  development of t h e  LRV. A f t e r  such an 
inves tment  of t i m e  and energy ,  it i s  on ly  n a t u r a l  f o r  a n  eng inee r  
t o  want t o  de termine  how w e l l  h i s  f i n i s h e d  p roduc t  h a s  performed 
r e l a t i v e  t o  h i s  d e s i g n .  H e  wishes  t o  t es t  h i s  assumptions and 
de termine  h i s  success. Given on ly  a s m a l l  amount o f  expe r i ence  
w i t h  t h e  LRV i n  t h e  l u n a r  environment many q u e s t i o n s  and un- 
knowns which plagued t h e  d e s i g n e r s  can be q u i c k l y  s e t t l e d .  Large 
d e s i g n  margins  t o  p rov ide  f o r  t h e s e  u n c e r t a i n t i e s  can  be modi f ied  
t o  p rov ide  an optimum des ign .  I f  a p p r o p r i a t e  d e s i g n  changes are 
made, t h i s  can  h e l p  bo th  science, i n  p rov id ing  a b e t t e r  v e h i c l e ,  
and e n g i n e e r i n g ,  i n  l e a r n i n g  more about  l u n a r  m o b i l i t y  a i d s .  B e -  
s i d e s ,  it can be argued ,  is  it n o t  as v a l i d  f o r  an e n g i n e e r  t o  
do r e s e a r c h  i n  l u n a r  wheel / so i l  i n t e r a c t i o n  as i t  i s  f o r  a sc ien-  
t i s t  t o  o b t a i n  a t empera tu re  p r o f i l e  of  a t i n y  s e c t i o n  of t h e  
l u n a r  s u r f a c e ?  

The O p e r a t i o n a l  Viewpoint 

I t  now appea r s  a s  i f  it would have been w e l l  worth t h e  
s c i e n c e  t i m e  l o s t  i f  an eng inee r ing  experiment  on walking speeds  
and a s s o c i a t e d  me tabo l i c  rates had been conducted ear l ie r  i n  
t h e  program. T h i s  would have s u p p l i e d  d a t a  of  much v a l u e  i n  
p l ann ing  f u t u r e  mis s ions  and could  have e l i m i n a t e d  margins  which 
must now be k e p t  a t  t h e  expense of  s c i e n c e  t i m e .  S i m i l a r l y ,  a 
few, s imple  tes ts  on t h e  LRV could  supply  much performance i n -  
fo rma t ion  which could  prove most u s e f u l  i n  m i s s i o n  p lanning .  
T i m e  t a k e n  i n  de t e rmin ing  more e f f i c i e n t  ways t o  u s e  t h e  LRV 
could  reduce  overhead and i n c r e a s e  s c i e n t i f i c  r e t u r n  of t h e  
m i s s i o n s .  Thus, it i s  po in ted  o u t ,  a s m a l l  i n i t i a l  inves tment  
o f  t i m e  i n  s imple  LRV tests can r e s u l t  i n  procedures  changes 
which can modify succeeding  traverses i n  t h e  c u r r e n t  mi s s ion  and 
p r o v i d e  d a t a  t o  a l low more e f f e c t i v e  p l ann ing  of f u t u r e  m i s s i o n s ,  
w i t h  consequent  b e n e f i t s  t o  sc i ence .  

D i scuss ion  

A s  w i t h  m o s t  such d i f f i c u l t  q u e s t i o n s ,  t h e  determina-  
t i o n  of  how much and what t e s t i n g  t o  perform on t h e  LRV when it 
i s  on t h e  l u n a r  s u r f a c e  h a s  many v a l i d  p o i n t s  on a l l  s i d e s  of t h e  
argument.  The t r a d e o f f s  between s c i e n t i f i c  i n v e s t i g a t i o n  and 
e n g i n e e r i n g  and o p e r a t i o n a l  tests are murky, and it does  n o t  
appear  t h a t  t h e r e  i s  a clear-cut l i n e  between u s e f u l  LRV tests 
and t h o s e  which on ly  degrade  s c i e n c e  r e t u r n .  Accordingly it 
i s  w i t h  some t r e p i d a t i o n  t h a t  t h e  fo l lowing  are proposed as a 
p o s s i b l e  se t  o f  c r i t e r i a  f o r  judging  proposed LRV tests:  
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1. Mission p l ann ing  i m p a c t  - Does t h e  proposed t e s t  pro- 
v i d e  d a t a  which can be  judged i n  advance t o  have a l a r g e  poten-  
t i a l  f o r  impact  upon mis s ion  planning? C l e a r l y  t h e r e  i s  an almost 
u n l i m i t e d  number of t es t s  which could  p rov ide  d a t a  w i t h  some i m -  
p a c t  upon mis s ion  p l ann ing ,  and, a f t e r  some e x p e r i e n c e  on t h e  
l u n a r  s u r f a c e ,  it may even t u r n  o u t  t h a t  a few of t h e s e  are 
c r i t i c a l .  The p r o l i f e r a t i o n  of such tes ts  c o u l d  r e s u l t  i n  a 
s e r i o u s  d e c r e a s e  i n  s c i e n t i f i c  r e t u r n ,  so  t h e  e s t a b l i s h m e n t  i n  
advance t h a t  t h e i r  p o t e n t i a l  impact as s i g n i f i c a n t ,  r e g a r d l e s s  
of t h e  r e s u l t s  of  t h e  t es t ,  i s  one means t o  m a i n t a i n  a r e a s o n a b l e  
bound on t h e  number of  t es t s .  Othe r ,  less c r i t i c a l  tests cou ld  
be h e l d  i n  reserve and in t roduced  i n  r ea l  t i m e  i f  i n i t i a l  LRV 
e x p e r i e n c e  i n d i c a t e d  t h a t  they  may be of c r i t i c a l  importance.  

2 .  Typ ica l  of mi s s ions  - Does t h e  t e s t  propose  t o  examine 
c h a r a c t e r i s t i c s  o r  c o n d i t i o n s  which are t y p i c a l  o f  t h e  t y p e s  
o f  m i s s i o n s  which a r e  planned? Ex tens ive  t e s t i n g  of LRV pe r -  
formance and w h e e l / s o i l  i n t e r a c t i o n  i n  t h e  m a r e  a d j a c e n t  t o  t h e  
LM may be o f  l i t t l e  v a l u e  i f  m o s t  of  t h e  traverses are planned 
f o r  hummocky uplands  w i t h  d i f f e r e n t  s l o p e  d i s t r i b u t i o n s ,  s o i l  
t y p e s ,  r o c k  s i z e s ,  and c r a t e r  diameterE.  The pr imary desire 
i s  n o t  f o r  LRV performance d a t a  p e r  se, b u t  f o r  d a t a  which c o r r e s -  
ponds t o  expec ted  mis s ion  c h a r a c t e r i s t i c s .  

3 .  Mission c r i t i c a l  - Does t h e  proposed t e s t  i n v e s t i g a t e  
systems which are c r i t i c a l  t o  t h e  mis s ion?  A d e t a i l e d  examina- 
t i o n  of  t h e  accuracy  of t h e  nav iga t ion  system may be of g r e a t  
i n t e r e s t  t o  i t s  d e s i g n e r s  b u t  i s  of  l i t t l e  v a l u e  t o  t h e  mis s ion  
as l o n g  as t h e  system i s  g e n e r a l l y  a c c u r a t e  enough t o  r e t u r n  
t h e  c r e w  t o  t h e  v i c i n i t y  of t h e  LM. An e x t e n s i v e  d e t e r m i n a t i o n  
o f  d r i v e  motor t o r q u e  i s  probably n o t  v a l i d  as long as t h e  motors 
have t h e  c a p a b i l i t y  t o  perform t h e  f u n c t i o n s  r e q u i r e d  i n  t h e  
mis s ion .  

4. Parameter w i t h i n  bounds - Is t h e  parameter  t o  be 
i n v e s t i g a t e d  w i t h i n  bounds which are c r i t i c a l  t o  t h e  c u r r e n t  or 
planned mis s ions?  T h i s  c r i t e r i o n  i s  r e l a t e d  t o  t h e  l as t  one,  and 
may h e l p  t o  d e f i n e  when a system might  be c r i t i c a l  t o  t h e  mis s ion .  
If a l l  planned m i s s i o n s  involve  t o t a l  t r a v e r s e  d i s t a n c e s  less 
t h a n  50 km, it would n o t  appear  p a r t i c u l a r l y  worthwhile  t o  
de te rmine  whether t h e  b a t t e r y  w i l l  suppor t  an 8 8  o r  a 9 2  km 
m i s s i o n .  Thus if t h e  magnitude of  t h e  parameter  t o  be t e s t e d  
i s  known i n  advance t o  be w e l l  beyond t h e  v a l u e  r e q u i r e d  by 
t h e  m i s s i o n s ,  any t i m e  s p e n t  i n  t e s t i n g  e x a c t l y  what t h a t  v a l u e  
i s  cou ld  proabably  be better s p e n t  i n  s c i e n t i f i c  i n v e s t i g a t i o n .  

5.  I n h e r e n t  i n  t r a v e r s e  - Can t h e  in fo rma t ion  d e s i r e d  be 
o b t a i n e d  through a n a l y s i s  o f  data  o b t a i n e d  f r o m  t h e  t r a v e r s e  
i t s e l f ?  I t  would appear  t h a t  a l a r g e  amount of LRV performance 
i n f o r m a t i o n  could  be e x t r a p o l a t e d ,  w i t h  perhaps  a minor amount 
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of d e g r a d a t i o n ,  from t h e  d a t a  which i s  o b t a i n e d  i n  t h e  c o u r s e  
of t h e  t r a v e r s e .  I f  a r e l a t i v e l y  a c c u r a t e  r e c o r d  of t h e  e x a c t  
r o u t e  t r a v e r s e d  i s  o b t a i n e d ,  i n fo rma t ion  such as b a t t e r y  t h e r -  
m a l  p r o f i l e s  as a f u n c t i o n  of speed and t e r r a i n  can be rough ly  
deduced from t h i s  and o c c a s i o n a l  s t a t u s  r e p o r t s  on b a t t e r y  
t empera tu re .  Such d a t a  could be computed i n  real  t i m e  f o r  
a p p l i c a t i o n  t o  t h e  c u r r e n t  o r  succeeding  t r a v e r s e s  on t h e  
p r e s e n t  m i s s i o n ,  or p o s t  f l i g h t ,  f o r  a p p l i c a t i o n  t o  mis s ion  
p l ann ing .  S ince  a l l  planned t r a v e r s e s  w i l l  p rov ide  t h e  crew w i t h  
t h e  c a p a b i l i t y  t o  walk back t o  t h e  LM from a d i s a b l e d  LRV, it 
i s  n o t  necessa ry  t o  v a l i d a t e  t h e  performance of any LRV system 
p r i o r  t o  t h e  t r a v e r s e  i n  o r d e r  t o  i n s u r e  crew s a f e t y  throughout  
t h e  t r a v e r s e .  

6 .  E a r t h  based tests - Can t h e  i n f o r m a t i o n  d e s i r e d  be 
o b t a i n e d  by a p p r o p r i a t e  e a r t h  based tes t s ,  i n c l u d i n g  t h e  u s e  
of  s i m u l a t i o n  f a c i l i t i e s ?  The the rma l  and vacuum e f f e c t s  of 
t h e  l u n a r  environment can be s imula t ed  adequa te ly  on ear th  so  
t h a t  tes ts  r e l a t i n g  t o  t h e s e  e f f e c t s  g e n e r a l l y  can be performed 
on e a r t h .  T e s t s  i n  areas such as thermal  d e g r a d a t i o n  of 
r a d i a t i n g  s u r f a c e s  due t o  d u s t  accumulat ion might be performed 
on e a r t h  wi th  ana logs  of l una r  d u s t  and,  perhaps  t h e  a p p l i c a t i o n  
of  some c o r r e c t i o n  f a c t o r .  Often a complex experiment  on t h e  
moon can be reduced by o b t a i n i n g  one o r  two d a t a  p o i n t s  and t h e n  
c r e a t i n g  a model or e a r t h  based s i m u l a t i o n  t o  match t h e s e  v a l u e s .  
The ingen ious  development o f  a p p r o p r i a t e  models,  c o r r e c t i o n  
f a c t o r s ,  and s i m u l a t i o n s  based upon s m a l l  amount of  a c t u a l  
l u n a r  based data  can o f t e n  c o n t r i b u t e  g r e a t l y  t o  t h e  r e d u c t i o n  
of r equ i r emen t s  f o r  experiments  on t h e  moon. 

7 .  General  s i g n i f i c a n c e  - Is t h e  proposed t e s t  of g e n e r a l  
s i g n i f i c a n c e  t o  l u n a r  s u r f a c e  m o b i l i t y  beyond t h e  c u r r e n t  s t a t e  
of t h e  a r t  and independent  of LRV systems? Except ions  t o  t h e  
above c r i t e r i a  would e x i s t  f o r  tes ts  of g e n e r a l  e n g i n e e r i n g  
v a l u e  independent  of t h e  LRV c o n f i g u r a t i o n .  Gene ra l i zed  en- 
g i n e e r i n g  tes ts  of  m o b i l i t y  systems parameters  i n  t h e  l u n a r  
environment  would have t o  r ecogn ize  t h a t  technology w i l l  p robably  
change c o n s i d e r a b l y  between t h e  c u r r e n t  series of  f l i g h t s  and 
man's  n e x t  v i s i t  t o  t h e  moon. Thus s o i l  mechanics i n v e s t i g a t i o n s  
migh t  be j u s t i f i e d  b u t  w h e e l / s o i l  i n t e r a c t i o n  tes ts  depending 
upon t h e  LRV wheel c h a r a c t e r i s t i c s  would be s u s p e c t .  

Summary 

o p e r a t i o n a l  u t i l i t y  of  t h e  proposed tes t .  They a t t e m p t  t o  
d e t e r m i n e  whether t h e  in fo rma t ion  r e s u l t i n g  from t h e  tes t  w i l l  
be u s e f u l  i n  i n c r e a s i n g  s i g n i f i c a n t l y  t h e  e f f i c i e n c y  and e f f e c t i v e -  
n e s s  of  t h e  c u r r e n t  or f u t u r e  t r a v e r s e s .  P rov id ing  t h e  v a l u e  of  
t h e  exper iments  i s  e s t a b l i s h e d  by t h e s e  c r i t e r i a ,  t h e  n e x t  2 
c r i t e r i a  ask  whether t h e r e  i s  any a l t e r n a t e  way t o  o b t a i n  t h e  
i n f o r m a t i o n  o t h e r  t h a n  a formal experiment  on t h e  moon. The 

The f i rs t  4 cr i te r ia  are des igned  t o  e s t a b l i s h  t h e  
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f i n a l  c r i t e r i o n  i s  an eng inee r ing  "escape  c l a u s e "  which should  
be used v e r y  s p a r i n g l y  and only w i t h  v e r y  c a r e f u l  e v a l u a t i o n .  
I f  t h e r e  i s  an exper iment  of  s u f f i c i e n t  v a l u e  and g e n e r a l i t y  
such t h a t  it i s  e f f e c t i v e l y  i n v e s t i g a t i n g  c h a r a c t e r i s t i c s  of  
t h e  l u n a r  e n v i r o n s ,  r a t h e r  than t h e  LRV, t hen  it may be accep ted  
under t h i s  c r i t e r i o n  even whi le  r e j e c t e d  by o t h e r  c r i t e r i a .  
Such an  i n v e s t i g a t i o n ,  however, i s  r e a l l y  an exper iment ,  r a t h e r  
t h a n  a t es t ,  and should probably be fo rma l ly  accpe ted  as a 
program exper iment ,  recognized fo r  i t s  own m e r i t s ,  rather than  
be ing  hidden as an LRV t es t .  

The phi losophy which u n d e r l i e s  t h e s e  c r i t e r i a  is  
t h a t  LRV tes ts  must be c o n s i s t e n t  w i t h  a program g o a l  t o  
maximize t h e  s c i e n t i f i c  r e t u r n  o f  t h e  m i s s i o n s .  Thus LRV tests 
should  n o t  be o r i e n t e d  toward v e r i f i c a t i o n  of e n g i n e e r i n g  
d e s i g n  and v a l i d a t i o n  of p o s t u l a t e d  performance c h a r a c t e r i s t i c s .  
Nor i s  t h e r e  any i m p l i c i t  v a l u e  t o  t h e  program i n  de t e rmin ing  
whether any s p e c i f i c  assumptions made i n  LRV d e s i g n  w e r e  correct. 
The LRV tests which m o s t  c o n t r i b u t e  t o  t h e  s u c c e s s  of t h e  mis s ions  
a r e  t h o s e  which have a d i rec t  
verse p lanning .  
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